The hydrophobicity and charge of the cell surface of M protein-positive (M+) and the less virulent M protein-negative (M-) strains of type 12 Streptococcus pyogenes have been studied, respectively, by hydrophobic interaction chromatography and free zone electrophoresis. The M+ strain had a more hydrophobic and a more negatively charged surface than the M-strain. When the M+ strain was cultivated in the presence of sub-minimum inhibitory concentrations of different antiobiotics, its hydrophobicity either decreased or did not change. The M+ organisms adhered to pharyngeal epithelial cells more avidly than M+; however, cultivation of both strains with sub-minimum inhibitory concentrations of penicillin and rifampin led to a decrease in adhesion. Tetracycline caused a decrease in adhesion for the M+ strain only, whereas cephalothin and polymyxin (to which the strains are resistant) did not affect adhesion or hydrophobicity of the M+ organisms. The negative surface charge of the M+ bacteria increased considerably upon exposure to rifampin and penicillin, and the M-bacteria exhibited small or no change. The contributions of these changes to suppression of infections are discussed.
The activity of an antibiotic is usually expressed in terms of capacity to either kill or inhibit the growth of an organism in vitro. Concentrations of antimicrobial agents below those that effect complete inhibition of growth (subminimum inhibitory concentrations [sub- MICs]) may produce morphological or ultrastructural changes, as observed by light or electron microscopy, or reductions in the culture populations (4) . It has recently been shown that streptococci cultivated in the presence of subMICs of certain antibiotics have a decreased ability to produce toxins as well as some surface components (5) . Other reports indicate that Escherichia coli and other Enterobacteriaceae lose certain surface substances responsible for their colonization of a host when cultivated under sub-MIC conditions (8, 9, 13) .
Data obtained in our laboratory with Streptococcus pyogenes indicate that M protein-positive (M+) and M protein-negative (M-) strains have a different surface charge and hydrophobicity (11) . The influence of exposure to various antibiotics on these qualities and how this affects the ability of the bacteria to adhere to human pharyngeal epithelial cells (11) Bacterial strains. S. pyogenes type 12, NY5 strain lacking M protein (M-) and E14/51RB/21/2 strain containing M protein (M') were grown in Todd-Hewitt broth for 18 h at 37°C. The bacteria were harvested by centrifugation, washed three times, and resuspended in phosphate-buffered saline.
Antibiotic susceptibility tests. All strains were tested for antibiotic susceptibility by using the agar dilution method (4) on PDM-ASM agar (AB Biodisk, Solna, Sweden) supplemented with 5% defibrinated horse blood (4 (Table 1) . Table 2 shows that exposure to all antibiotics other than cephalothin resulted in reduced adhesion of the M+ strain to epithelial celLs. Penicillin and rifampin had marked effects on adhesion of the M-strain. Table 3 shows that the M+ strain has a more negative surface charge than the M-strain. After cultivation in the presence of rifampin the (2) . Recently it has been found that the C polysaccharide also contributes to the binding and that the adhesion of group A-variant streptococci is much less than that of group The cultivation ofstreptococci in the presence of sub-MICs of antibiotics alters their structure and toxigenicity, resulting in a reduction of their pathogenic potential (5) . M antigen formation is diminished by growth in the presence of lincosamines, erythromycin, and chloramphenicol (5).
Other studies have shown that incubation of streptococci with penicillin induces excretion of lipoteichoic acid from the bacterial cells, followed by loss of ability to adhere to buccal epithelial celLs (1) . The possibility that other surface structures such as the M protein could be affected prior to lipoteichoic acid excretion was not investigated. It also has been shown that certain antibiotics are responsible for preferentially affecfing inhibition of synthesis or excretion of various surface substances in these bacteria. The mechanism of the observed phenomena is not clear. However, the original observations that autolytic enzymes in the cell wall, for example murein hydrolases in pneumococci, are essential for cell death or lysis, and that penicillin induces secretion of surface polysaccharides and lipids, have also been observed in other organims (10) .
It was shown by Hill et al. (6) that cell surface net charge densities are higher on M proteinrich strains than on M-negative strains, in agreement with our data ( Table 3 ), and that, for example, the mobility of tpin-treated M protein-positive strains becomes similar to, although still higher than, that of M protein-negative strains.
Four recent reports, published when this study was in its final stage, showed the effect of sub-MICs of different antibiotics on the attachment ofE. coli and other gram-negative bacteria to epithelial celLs (7) (8) (9) 14) . Interestingly, one of these studies showed a decrease in the adhesion of different enterobacteria to buccal cells with all five of the antibiotics tested, including cell wall inhibitors such as cephalothin, protein synthesis inhibitors such as chloramphenicol, and two aninoglycoside antibiotics (9) . In another study on E. coli isolated from urinary tract infections, subinhibitory concentrations of ampicillin decreased epithelial cell attachment, whereas chloramphenicol and nitrofurantoin had no effect (8) 
